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THE TRANSMISSION OF HEAT THROUGH
SCALE COATED BOILER TUBES.
This thesis being mainly experimental, we decided to 
follow the form which is generally used in the Mechanical 
Engineering Department in reporting experimental work. 
Therefore we arranged the work in the following form.
A. Introductory.
1. Object.
2. General Method.
3. Previous work on same subject.
B. Apparatus.
1. Description.
2. Plates and Photos.
C-. Manner of conducting tests.
D. Tables.
E. Calculations.
E. Conclusions and Remarks.
2.
A. INTRODUCTORY.
1. Object.
The object of this thesis is to determine the relative 
efficiency of scale coated boiler tubes for conducting heat 
to the boiler water.as compared with a clean tube under the 
same conditions. The tests were all made on locomotive 
tubes, so everything is compared and calculated from the 
standpoint of a locomotive, but the method would apply equal­
ly well to scale covered tubes from any type of boiler.
2. General Method.
Briefly stated, the method is as follows;
An apparatus was constructed, consisting of a small blast 
furnace, operating in connection with a fire tube boiler con­
taining one tube, which is easily removed. The hot gases 
pass from the combustion chamber through this tube, and the 
heat is carried away from it by the water, which enters the 
boiler at the exhaust end, flows through in a direction op­
posite that of the furnace gases, and is discharged from the 
furnace end of the boiler into the weighing tank. In mak­
ing a test, the following things were noted: (l) Furnace
temperature. (2) Temperature of water entering boiler. (3) 
Temperature of water leaving boiler. (4) Temperature of 
escaping gases. (5) Amount of water passing through boiler 
in specified time.
Readings were taken in this way with a clean tube in the 
boiler, and then a scaled tube was inserted, and the furnace 
temperature and amount of water being kept as near constant
as possible, the amouht of heat transmitted by this tube 
was compared with that transmitted by the clean tube. The 
details of this method are explained under their proper 
heads.
3. Previous Work.
Two theses have been submitted on this subject, one by 
Armstrong and Herwig, Class of '99 and one by F. L. McCune, 
Class of 1901. The first part of the work of Armstrong and 
Kerwig consisted of testing a complete locomotive, just be­
fore and just after having the tubes freed from scale, and 
this is a part of the work to be strongly recommended, as 
here the tubes are tested under actual conditions, just as 
they operate on the road. One drawback is that the thickness 
of scale cannot be estimated so closely. Eut the thing 
sought after in an individual case is the percent of steam 
making efficiency that a boiler loses on account of the 
scale acquired during a certain time on the road, rather 
than the percent that is lost by a certain definite thick­
ness of scale.
Messrs. Armstrong and Herwig also tested .tubes singly, 
and in sets of 8 and 12, with not very marked success.
With the exception of the pyrometer and some minor point 
Mr. McCune used the same style of single tube apparatus, 
with rather consistent results, which we used in our work, 
and which is next described in detail.
4.
B. APPARATUS.
The main parts of the apparatus are as follows:
(1) Water chamber or boiler.
(2) Combustion chamber.
(3) Burner.
(4) Constant pressure water tank.
(5) Constant pressure tanks for air and gas.
(6) Weighing tank.
(7) Pyrometer and connections.
1. Boiler. The body of the boiler,-Marked "A" in 
plan view, Plate 1,-is a piece of 10” inch wrought iron pipe, 
with a standard flange screwed on each end. These flanges 
have an outside diameter of 16 inches, and are drilled with
8 holes on a 14 inch circle. On each is bolted a plate, of 
the same diameter and thickness as the flange, and having a 
2 l/2 inch hole in the center, into which the tube is packed. 
Rubber gaskets are placed between the heads and flanges, and 
thus when the tube is packed into the heads with asbestos 
wicking, the boiler is water tight.
Water enters at the top of the exhaust end from the 
water tank, as shown in Plate 1, and passes out from the top 
of the furnace end to the weighing tank.
2. Combustion Chamber. The combustion chamber ("C”
Plate 1), is a piece of 6 inch wrought iron steam pipe, 22 
inches long, and attached directly to the front head of the 
boiler. To fasten it to the head, we took a blank 6 inch 
flange, and drilled four 5/8 inch holes at equal intervals.
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Then we drilled four corresponding holes in the head, tapped 
them out, and fastened up the flange with 5/8 inch cap screws. 
Into this flange screws the pipe which serves as a combustion 
chamber, and on the other end of the pipe are a coupling and 
a standard plug. Drilled in the center of the plug is a 
1 l/2 inch hole, through which the burner "B” projects into 
the combustioh chamber.
3. Burner.
1The burner is shown in section on Plate III. It consists 
of a 1 l/4 inch cast iron T, in one side of which is an 18 inch 
pipe, and in the other side a plug. The plug is bored to ad­
mit a 3/8 inch gas pipe, and also drilled and tapped at right 
angles to the pipe for a 1 / 4  inch set screw, which holds 
the small pipe at any desired point. Illuminating gas is 
admitted through the 3/8 inch pipe, and compressed air is ad­
mitted through the bottom of the T and into the surroundJing
*
pipe. The two form a mixture, and burn from the end of the 
tube. Flexible 3 / 4 inch tubing is placed between the burner 
and tank connections, inorder that the burner may be easily 
removed from the combustion chamber for lighting.
4. Water Tank.
The constant pressure water tank, shown on Plate 1, and 
at "A" in photo, is simply a galvanized tank, 15 inches in 
diameter, and having two holes for pipe connection near the 
bottom. It is suspended from the ceiling by wires. Water 
flows into the top, from the service pipe connected to the 
main as shown in Plate 1. Near the bottom there are two con­
nections, one leading to the boiler, and the other being an
overflow. Where the overflow pipe enters the tank, an elbow 
and vertical pipe 16 inches high are attached, so the water 
must stand 18 inches deep in the tank before any overflow 
occurs. So as long as the overflow is kept running slightly 
there is a constant head in the tank.
8. Air and Gas Tanks.
A section of one of the constant pressure tanks used 
for air and gas is shown on Plate II. The tanks are identical 
except that the gas tank has 1 inch pipes, and the air tank 
3/4 inch. Each consists of a stationary tank to hold water, 
which is connected to the supply main and has an inlet and 
an outlet pipe, "A" and "B" respectively coming up nearly 
level with the tank top, as shown. In the tank is a central 
axis of 3/8 inch gas pipe which is stayed at the lower 
end by the metal cone, and by wires. This tank is about half 
filled with water, and an inverted tank placed in it. The in­
verted tank has through its center a 3/4 inch pipe , which
slides over the smaller pipe of the water tank, thus keeping
nthe two central, and allowing the iAverted tank to float free­
ly. It is kept floating by the gas pressure between it and 
the water, so the pressure delivered to the burner can be var­
ied by placing different weights on top of the floating tank. 
As long as the tank, with a given weight , is sustained, the 
pressure of the out-going gas is, practically constant.
6. ’Weighing Tank.
The weighing tank is as shown on Plate 1, and in photo­
graph. It is galvanized, holds about 1000 pounds and has a
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outlet at the "bottom controlled "by a gate valve. It is 
mounted on a pair of ordinary standard scales.
7. Pyrometer.
The temperatures of escaping gases, and of entering and 
leaving water, were taken with ordinary mercury thermometers, 
"but to determine the furnace temperature, the Le Chatelier 
Pyrometer was.used, and while it was rather inconvenient to 
handle on account of the porcelain tubes, and delicate needle 
suspension, it gave very accurate and consistent results.
The principle involved in the construction of this instru 
ment is the conversion of heat into an electric current, and 
the determination of the degree of heat "by means of a galva­
nometer, equipped with suitable scales.
The conversion is affected as follows; Two wires, one of 
absolutely pure platinum, and the other consisting of the 
same metal, alloyed with 10 percent of rhodium, are fused 
together at one of their ends into a small ball. This junc­
tion of the two wires generates a slight electric current when 
heated, and ouch currents have been found to be proportionate 
to the heat applied.
To prevent injury to the wires from abrasion, corroding 
gases, etc., they are enclosed in porcelain tubes; s small tube 
open at both ends, insulating the two wires, and a larger one, 
closed at one end, covering the whole. See Figure II Plate IV.
The galvanometer used with the Pyrometer is of the 
d'Arsonval type, and especially adapted to the measuring of 
thermo-currents. The current is transmitted to an armature,
7.
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wound in quadrangular shape, through a fine wire of hard metal 
which does not oxidize. A small spring of the same material 
acts as negative. The galvanometer is shown in Figure 1 Plate IV.
A strong permanent magnet with iron pole shoes constitu­
tes a magnetic field, and an iron cylinder in the center con­
centrates the magnetic lines of force.
The pointer moves over two scales, one of which denotes 
the electromotive force of the current in micro-volts, which 
makes it possible to check readings on the instrument while 
the other scale gives direct readings of centigrade degrees.
On the base of the instrument is a small lever, which, 
when thrown over, secures the armature, thus avoiding the break­
ing of the delicate suspension wire while in transit. The in­
strument should always be locked in this manner before moving 
it.
Adjusting screws and a spirit level allow the insturment 
to be placed readily in the horizontal plane.
The circuit through the galvanometer may be broken by a 
thumb serew switch, which is placed on the base.
The binding posts-B.B’ on Plate IV, Figure 7., are marked-4-, 
and should be connected to the platinium rhodium wire, and the 
one marked — , to the platinium wire. The platinium wire is 
the softer of the two.
The temperature of the air surrounding the conducting 
wires should be 32 degrees Fahrenheit, to give absolutely cor­
rect readings, and out room was warmer that this, probably 65 
degrees Fahrenheit, but we did not correct for it, as the scale
on the instrument could not he read closely enough to warrant 
such a small correction.
During the preliminary tests, the porcelain tubes received 
a sharp jar while still hot, a thing that should he avoided,- 
and the closed end of the larger tube cracked off. We packed 
the broken end with mineral wool, and in order to keep it from 
coming in direct contact with the flame, we resorted to the 
arrangement shown in Figure 3, Plate IV. A hole was drilled 
axid tapped in the side of the combustion chamber for a 3/4 inch 
pipe which was screwed through until about an inch projected on 
the inside. On this was screwed a coupling a short piece of 
pipe and a cap, as shown, this bringing the closed end of the 
porcelain tube, which was placed inside, in the center of the 
combustion chamber, and still protecting it from the corroding 
gases, and direct contact with the flame. A gate valve was 
placed in the pipe outside the chamber, which could be closed 
when the porcelain tubes were pulled part way out, thus shutt­
ing off any outside communication with the chamber. The arrang- 
ment was very satisfactory.
The photograph of the tubes shows all but one, tube 3 from 
Illinois Central Engine No. 141. This tube was being used at 
the time the photograph was taken. First on the left are the 
two clean tubes, numbers 1 and 2 respectively, The scaled 
tubes designated by their Chemistry numbers from left to right, 
are 1, 2, 4, 5, 6, 10, 11, 12, 7a, 7b, 8a, 8b, 9.
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C. MANNER 0E CONDUCTING TESTS.
The method of running each test was as follows. The 
apparatus was placed in readiness, with a tube packed in, the 
burner removed from the combustion chamber, and the pyrometer 
and three thermometers in place. Then the first step was to
i
turn on the water, so there would be no chance of getting the 
apparatus hot while still dry, and having an accident when the 
water was admitted.
After the flow had been regulated to give the required 
amount,-about 750 pounds per hourr-the cock between the gas main 
and tank was opened wide, and the flow throttled by the cock 
between the tank and burner, so that the inverted tank floated 
8 or 10 inches high. Then the burner was lighted and after 
lighting, the compressed air was turned on, the height of the 
tank in this case being regulated by the cock on the air main 
side, while the cock on the burner side was open wide#,since 
the air main pressure was much greater than that of the gas 
main. The burner was lighted before the air was turned on, be­
cause it gave better mixture, the flame being uniform and quiet. 
If the air was turned on first, the flame was invariably ragged 
and sputtery, and puffed out when placed in the combustion cham­
ber.
After the air was regulated, the lighted burner was placed 
in the combustion chamber, clamped with the set screw in the 
head of the large plug , and the apparatus was allowed to heat 
up. It took about an hour's running to heat up to working 
conditions, and we did not begin to take readings until the
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pyrometer needle seemed to have come to a standstill, and the 
rise in temperature of the water passing through the "boiler 
"became constant. Then the readings alre; dy enumerated under 
"General Method" were taken every ten minutes; usually for about 
an hour and a half, although all tests were figured for an hour 
each.
We took a series of preliminary tests under different 
conditions with a clean tube. We first covered the combustion 
chamber with asbestos, and maintained furnace temperature of 
over 1900 degrees Fahrenheit, but it was found that at this 
high mark it was hard to keep conditions constant for different 
tests, and also th;r t it was very wearing on the apparatus. So
we removed the asbestos, and the final tests were made with a
)furnace temperature in the neighborhood of 1500 degrees Fahren­
heit. The furnace temperature can be varied somewhat by the 
position of the burner in the combustion chamber. There is a 
certain position, with about 10 inches of the burner pipe pro­
jecting into the chamber, where it is hottest, and movement to 
either side of this point will cause the pyrometer indicator tb 
drop, depending on the distance moved.
After taking quite a number of tests with our two clean 
tubes, and obtaining some that looked like a fair standard, we 
tested fifteen scale covered tubes, duplicating some of them 
several times, if we thought there was a chance for an error.
On each tube, as it was received, we placed a tag, telling the 
road from which it came, number of engine, and thickness of
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scale. It was also given a chemistry number, and a sample of 
the scale was analyzed. All this data, including the chemical 
analysis , is contained in the tables of results, which give 
the average of the tests for each of the scaled tubes and six 
standard tests of the two clean tubes.
TABLES
SHOWING DECREASE OE HEAT TRANSMISSION 
THROUGH BOILER TUBES
WHEN COATED WITH SCALE.
TEST.1.
1st Clean Tube. 
April 9,'04.
Test .For Heat Transmission.
T ime.
Degrees Of Temperature, Fahr.
Furnace 
Gases.
Escaping 
Gases.
Entering
Water.
Leaving 
Water.
1:45 1693 516 62 91
1:55 1727.6 516 61.5 97
2:05 1763.6 517 61 100.5
2:15 1790.6 506 61 103
2:25 1824 517 58.5 91
3135 1823 521 58 91
2:45 1832 552 57.5 83
Average. 1785.7 520.6 59.7 93.5
Water.Passed Through Boilei----------------------- 738 Pounds.
Mean Temperature of Gases---------------------------  1153.15.
Mean Temperature of Water In Boiler------------  76.60.
Difference----- 1076.55.
Rise in Temperature Of Water---------------------------  33.80..
B.T.U. Given Up To Water -................. ...... ..... 24944.
B.T.U. Transmitted Through Tube Per Degree Difference 
In Temperature------------------------------------------  23.17.
B.T.U. Transmitted Through Tube PerDegree Difference
In Temperature Per Sq.FT. Of Radiating Surface------- 9.80.
14.
1st Clean Tube. 
April 10 '04.
TEST No.2.
Test For Keat Transmission.
Time.
Degrees Of Temperature, Fahr.
Furnace 
Gases.
Escaping 
Gases.
Entering
Water.
Leaving
Water.
11:30 1726 524 57 91
11:40 1765.4 536 57 95.5
11:50 1832 589 57 88. 5
12:00 1902 591 57 87
12:10 1904 591 57 88
12:20 1904 583 57 87.5
12:30 1906 585 57 89
Average. 1848.2 571 57 89.5
Water Passed Through Boiler----------------- - ---773 Pounds.
Mean Temperature Of Oases ---------------------------  1209.60.
Mean Temperature of Water In Boiler----------------  73.25.
Difference----  1136.35.
Rise In Temperature Of Water------------- - ---------  32.50.
B.T.IJ. Given Up To Water-------------- — ------------ 25122.50.
B.T.U. Transmitted Through Tube Per Degree Difference 
In Temperature-------        22.18.
B.T.U. Transmitted Through Tube Per Degree Difference
In Temperature Per Sq.Ft. Of Radiating Surface--- — 9.39.
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TEST No.3 .
1st Clean Tube.
April 11*04.
Test For Heat Transmittion.
Time.
Degrees Of Temperature, Fahr.
Furnace 
Gases.
Escaping 
Gases.
Entering 
Water. Leaving.Water.
10:00 1792.4 566 57.5 83
10:10 1825 602 57.5 87.5
lo :20 1832n 637 57 86
10:30 1836 639 57 86.5
O O 1861 646 57 86.5
10:50 1877 595 57.5 87
11:00 1922 614 58 84.
Average. 1849.3 614.2 57.35 85.8
Water Passed Through Boiler-----------------------804 Pounds.
Mean Temperature of Oases----------------- —---------  1231.75.
Mean Temperature of Water In Boiler-----------------  71.65.
Difference------ Tl 60.107
Rise In Temperature of Water------------ -------------  28.45.
B.T. U. Given Up To water---------------------------- 22873.80.
B.T. U .Transmitted Through Tube Per Degree Difference 
In Temperature----------------------------:----------- — --- 19.72'
B.T.U. Transmitted Through Tube Per Degree Difference
In Temperature Per Sq.Pt. Of Radiating surface------- 8.34.
16.
TEST No. 4.
2nd Clean Tube.
April 27*04
Test For Heat Transmission
Time.
Degrees Of Temperature, Fahr.
Furnace 
Gases.
Escaping 
Gases.
Entering
Water.
Leaving
Water.
8:00 1427 565 56 81.5
8:10 1439.6 567 56.2 81.5
8:20 1441.4 573 56.1 82
8:30 1441.4 572 56 82
8:40 1448.6 575 56.5 83
8:50 1439.6 563 56.7 84
9:00 1441.4 570 56.6 84
Average.
—  .
1439.85 * 569.3^ 56.3^ 82.57^
Water Passed Through Boiler------------- -— -------  900 Pounds.
Mean Temperature of Gases ---------------------------  1004.58.
Mean Temperature Of Water in Boiler-----------------  69.44.
Difference----- 935,14.
Rise In Temperature Of Water ------------------------ 26.28.
<2.1
B.T.U. Given Up To Water-----------------------------  23643.^*
B.T.U. Transmitted Through Tube Per Degree Difference
In Temperature----------------------------------------  25.28.
B.T.U. Transmitted Through Tube Per Degree Difference
In Temperature Per Sq. Ft. Of Radiating Surface----  10.68.
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TEST No. 5.
2nd Clean Tube.
April 27*04.
Test Eor Heat Transmission.
T ime.
Degrees Of Temperature, Eahr.
Eurn&ce 
Gases.
Escaping 
Gases.
Entering
Water.
Leaving
Water.
9:10 1441.4 567 56.4 83.5
9:20 1443.2 566 56.5 83.5
9:30 1446.8 567 56.8 84.0
9:40 1436 562 56.8 84.0
9:50 1434.2 562 56.9 84.5
10:00 1436 557 56.8 86 • 0
10:10 1436 561 56.8 90.5
Average. 71439.08 563.14^ 56.7L 85.14
Water Passed Through Boiler------------------------825 Pounds.
Mean Temperature of Gases------------------------------ 1001.11.
Mean Temperature of Water in Boiler ------------- -—  70.93.
Difference---- —930.18.
Rise in Temperature Of Water--- ----•----------------- 28.43.
B.T.U. Given Up To W a t e r ------------------ - --- ------  23455.
B.T.U. Transmitted Through Tube Per Degree Difference 
In Temperature----------------------------------------  25.21.
B.T.U. Transmitted Through Tube Per Degree Difference
In Temperature Per Sq.Et. Of Radiating Surface------ 10.65.
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TEST No. 6.
2nd Clean Tube
April 27*04.
Test Por Heat Transmission.
T ime.
Degrees Of Temperature, Eahr.
Purnace 
Gases.
Escaping 
Gases.
Entering
Water.
Leaving
Water.
10:20 1436 559 56.2 84
10:30 1439.6 560 56.3 84.
10:40 1439.6 557 56.2 81.5
10:50 1439.6 549 56.7 81.5
11:00 1443.2 550 56.8 82
11:10 1446.8 553 56.7 82.5
11220 1445. 551 56.7 82
Average. 1441.4 554. 1 56.5 ' 82.5"
Water Passed Through Boiler-----------------------  891 Pounds.
Mean Temperature of Gases------------------------    997.70.
Mean Temperature of Water In Boiler---------------- - 69.50.
Difference--- - 928.20.
Rise In Temperature Of Water-----------------------   26.00.
B.T.U. Given Up To Water---------------------— ------ 23166.
B.T.U. Transmitted Through Tube Per Degree Difference 
In Temperature-----------------------------------     24.95.
B.T.U. Transmitted through Tube Per Degree Difference
In Temperature Per Sq.Et. Of Radiating Surface------ 10.55.
19.
April 20'04.
Engine No. 440. Thickness of Scale,.034inch.
Road-------I.C. Character: Hard, Gray.
Tube No. 1. Chemistry Number, 10.
TEST No. 7.
Chemical Analysis Of Scale.
Constituents. Si Ot Fes.Oi Cci SO* Ca COj Mg COj MgO
Amount In Per Cent. 10.05 6.47 11.71 50.98 17.75 —
Test For Heat Transmission.
Time.
Degrees Of Temperature, Fahr.
Furnace 
Gases.
Escaping 
Gases.
Entering
Water.
Leaving
Water.
2:25 1427 520 58.2 81.5
2:35 1434.2 512 58.5 02.5
2:45 1441.4 518 59.5 85.
2:55 1428,8 518 61 86.5
3:05 1427 516 59.8 88.5
3:15 1428.8 518 58.4 05
3:25 1428.8 516 58.1 84.5
Average. 1430.85 516.05' 59.07 84.7 9"
Water Passed Through Boiler-------:----- -------- 807.7 Pounds.
Mean Temperature Of Gases-------------- ■-------------  973.85.
Mean Temperature of Water In Boiler--------   71.93.
Difference----  901.92.
Rise In Temperature Of Water ------------------------  25.72.
B.T.U. Given Up To Water-----------------------------  207 44.
B.T.U. Transmitted Through Tube Per Degree Difference
In Temperture-------------------------------- --------- 23.03.
B.T.M. Transmitted Through Tube Per Degree Difference 
In Temperature Per Sq.Ft. Of Radiating Surface------ 8.44.
£LOSS IN PERCENT DUE TO SCALE, 8.25.
20.
April 18*04.
Engine No. 440 Thickness of Scale,085 Inch.
Road, I.C. Character; Gray,Porous,Dusty.
Tube No. 2. Chemistry Number, 11.
a,
TEST No. 8.
Chemical Analysis Of Scale.
Constituents. Si 0z_ Fe r.0 Ca SO* Ca CO3 *0003 MgO
Amount In Per Cent. 9.75 2.08 6.05 54.71 19.26 —
Test Por Heat Transmission.
T ime.
Degrees Of Temperature, Fahr.
Furnace 
Gases.
Escaping 
Gases.
Entering
Water.
Leaving
Water.
2:05 1398.2 542 59 82.5
2:15. 1419.0 524 59 84.0
2:25 1423.4 549 59 85.5
2:35 1427.0 551 58.8 86.0
2:45 1394.6 478 58.6 84.5
2:55 1418.0 552 58.5 86.5
3:05 1427.0 558 58.9 87.0
Average.
lAr Il3'.3r1412.67 5do . 0 58.83" 85.14.
Water Passed through boiler--------------- 1------734.5 Pounds.
Mean Temperature Of Gases------------------------- - 974.50..
Mean Temperature Of Water In Boiler---------------    71.99.
Difference----  902.51.1. n
Rise In Temperature Of Water-------------------------- 26.31.
B.T.V. Given Up To Water--- ------ ------- -----------  19324.7.
B.T.U. Transmitted Through Tube Per Degree Difference
In Temperature-------------- ----------- -------------  20.34.
B.T.U. Transmitted Through Tube Per Degree Difference 
In Temperature Per Sq. Et. Of Radiating Surface----- 8.60.
LOSS IN PERCENT DUE TO SCALE, 19.02.
April 23,'04.
Engine No. 440 Mean Thickness of Scale, .031 Inch.
Road-------I.C. Character; Gray, Dusty.
Tube No. 3. Chemistry Number, 12.
21.
TEST NO. 9.
Chemical analysis Of Scale.
Constituents. Si O g , Ca SOjgL Ca CO, Mg COo MgO
Amount In Per Cent. 7.98 4.68 8.99 55.54 19.26 —
Test For Keat Transmission.
Time.
Degrees Of Temperature, Fahr.
Furnace 
Gases.
Escaping 
Gases.
Entering
Water.
Leaving
Water.
8:45 1410.8 553 59 83
8:55 1412.6 555 58.8 82.5
9:05 1430.6 556 58.9 83.
9:15 1430.6 558 59 83
9:25 1436. 559 59 83
9:35 1428. 540 59.1 83
9:45 1430.6 539 59.2 83
Average. 1425.4# 551.4" 59.0^ 82.93
Water Passed Through Boiler----------- - ----------- 896 Pounds.
si qMean Temperature Of Gases----------------------------  988.
Meq.n Temperature Of Water In Boiler-----------------  70.97.
Difference----- 917.4#’.^
74
Rise In Temperature Of Water--- ---------------------  23.93.
B.T.U. Given Up To Water----------- ------ ----------  21441.30.
E.T.IJ. Transmitted Through Tube Per Degree Difference
In Temperature-------------- -------- ■--------------- - 23.37.
B.T.U. Transmitted Through Tube Per Degree Difference . .
In Temperature Per Sq. Ft. Of Radiating Surface----- 9.87.
LOSS IN PERCENT DUE TO SCALE, 7.12.
22.
TEST. No. 10. V*
April , ’04.
Engine No. Unknown. Mean Thickness of Scale, .06 Inch..
Road-------I .GY Character: Hard, Sandy, Even.
Tube No. Chemistry Number 9.
Chemical Analysis Of Scale.
Constituents. Si 0 a. F e xO 3 Ca S04- Ca B O O o» MgOAmount In Percent. 23.53 7.20 6.48 45.41 1 1 . 7 4 —
Test Eor Heat Transmission.
Time.
Degrees Of Temperature, Pahr.
Rurnace 
Gases.
Escaping 
Gases.
Entering
Water.
Leaving
Water.
1:10 1405.4 566 57.2 77
1:20 1418.0 547 57.2 79
1:30 1425.2 545 57.4 80.5
1:40 1425.2 542 57.7 84
1:50. 1427.0 543 57.8 89.2
2:00 1430.6 544 57.7 88.5
2:10 1428.8 544 57.9 88.5
Average. 1422.9" 547.3
ST57.53 83.8'
Water Passed Through Boiler------ — --------- - 767 Pounds.
Mean Temperature of Gases-------------------------- - 985.1^
Mean Temperature of Water in Boiler---------------- - *70.
Difference----  914.4AT■V-4Rise In Temperature Of Water-------------------------  26.27. ,vv>
B.T.IJ. Given Up To Water-------------------------------- 20149 .l**
B.T.U. Transmitted Through Tube Per Degree Difference 
In Temperature--------------- ---------------- --------  22,03,
B.T.U. Transmitted Through Tube Per Degree Difference 
In Temperature Per Sq. Ft. Of Radiating Surface-- - 9:30.
LOSS IN PERCENT DUE TO SCALE, 12.42.
TEST No. 11
April 23, *04.
Engine No. 540. Thickness Of Scale .041Inch.
Road------Big4. Character: Thick, Hard,White.
Tube No. 2 . Chemistry Number, 8 (b).
Chemical Analysis Of Scale.
Constituents. Si 0*. F e r,0 3 Ca SO4- Ca CO; Mg CQj MgO
Amount In Percent. 12.70 2.33 35.07 17.03 25.05 7.82.
Test For Heat Transmission.
T ime.
Degrees Of Temperature, Fahr.
Furnace 
Gases.
Escaping 
Gases.
Entering
Water.
Leaving
Water.
3:20 1401.8 604 58 87.5
3:30 1410.8 608 58 90.5
3:40 1423.4 606 58 88.5
3:50 1419.8 578 58 90.0
4:00 1410.8 592 59.2 92.5
4:10 1419.8 582 60.0 94.0
4:20 1412.6 582 - 61.3 96.0
Average. tb*1414.08 593.14" 58.93" 91.29
Water Passed Through Boiler------------------------ 654 Pounds.
4Mean Temperature of Gases------------------------------1003.61.
Mean Temperature of Water In Boiler-----------------  75.11.
Difference----- 928.5®.3
Rise In Temperature Of Water-------------------------  32.36.
B.T.U. Given Up To Water------------------- - --------- 21163.50.
B.T.U. Transmitted Through Tube Per Degree Difference
In Temperature-----------------    22.79.
B.T.U. Transmitted Through Tube Per Degree Difference 
In Temperature Per Sq.Ft. Of Radiating Surface------ 9.65.
LOSS IN PERCENT DUE TO SCALE, 9.25
24.
April 25, *04.
Engine No. 540. Thickness Of Scale, .051.
Road------Big4 . Character; Hard white Irreg.
Tube No. 1. Chemistry Number; 8 (a).
TEST No. 12.
Chemical Analysis Of Scale.
Constituents. Si 0*. I1 e ^ 0 ^ Ca SO4. Ca CO3 Mg CO3 MgO
Amount In Per Cent. 12.70 2.33 35.07 17.03 25.05 7.82
Test For Heat Transmission.
Time.
Degrees Of Temperature, Eahr.
Furnace 
Gases.
Escaping 
Gases.
Entering
Water.
Leaving
Water.
3:15 1454 630 57 88
3:25 1439.6 625 57 90
3:35 1436 621 57 90.5
3:45 1439.6 625 57 89.5
3:55 1441.4 621 57 89; 5
4:05 1445 620 57 89.5
4 : 15 1448.6 622 57 89
Average 1443.45 623.43" 57' 89.43
Water Passed Through Boiler------------------------ 662 Pounds.
Mean Temperature of Gases---------------------------- 1035,44.
Mean Temperature of Water In Boiler--------------  73.22.
Difference----- 960.22.
Rise In Temperature Of Water------------- ------------ 32.43.
B.T.U. Given Up To Water------------------------------'21468.66.
B.T.U. Transmitted Through Tube Per Degree Difference
In Temperature------------------------------------- - 22.36.
B.T.U. Transmitted Through Tube Per Degree Difference 
In Temperature Per Sq.Et. Of Radiating Surface------ 9.45.
LOSS IN PER CENT DUE TO SCALE, 11.06.
25.
Engine No. 540.
Road------Big4.
Tube No. 2.
April 28, ’04.
Thickness Of Scale, .055. Inch. 
Character, White, Soft, Irregular. 
Chemistry Number, 7 (a)
Chemical Analysis Of Scale.
TEST No. 13.
Constituents. Si 0*, Ca SO* Ca CO* Mg CO3 MgO
Amount In Per Cent. 12.93 1.35 21.83 31.14 27.38 5.37
Test For Heat Transmission.
Time.
Degrees Of Temperature, Fahr.
Furnace 
Gases.
Escaping 
Gases.
Entering
Water.
Leaving.
Water.
7:20
- fA------
1423.4 645 57.1 77
7:30 1450.4 658 57.4 79
7:40 1441.4 650 57.1 81
7:50 1437.8 645 57 82.5
8:00 1439.6 644 56.9 83.5
8:10 1439.6 641 56.7 85.5
8:20 1439:6 644 56.9 84.5
Average 1438.83" 646.7" 57.0' S 1.81.367
Water Passed Through Boiler------------------------875 Pounds.
Mean Temperature of Gases----------------------------  1042.76.
Mean Temperature of Water in Boiler--------------- - 69.43.
Difference----- 973.33.
Rise In Temperature Of Water In Boiler--- -------- - 24.86.
B.T.U. Given Up To Water----------------------------- 21752.50.
B.T.U. Transmitted Through Tube Per Degree Difference
In Temperature------------------------- --------------  22.35.
B.T.U. Transmitted Through Tube Per Degree Difference 
In Temperature Per Sq.Ft. Of Radiating Surface-------  9.45.
LOSS IN PER CENT DUE TO SCALE, 11.06.
26.
April. 28, '04.
Engine No. 540. Thickness Of Scale, .056 Inch.
Road ---  Big4. Character; White, Soft Irregular.
Tube No. 1. Chemistry Number, 7 (b).
TEST No. 14.
Chemical Analysis Of Scale.
Constituents. Si 0*, Pe*.03 Ca S04 Ca C03 Me CO.? MgO
Amount In Per Cent. 12.93 1.35 21.83 31.14 27.38 5.37
Test Eor Heat Transmission.
T ime.
Degrees Of Temperature, Eahr.
Furnace 
Gases.
Escaping 
Gases.
Entering
Water.
Leaving.
Water.
9:45 1430.6 525 56.1 77.5
9:55 1436 521 56.4 80
10:05 1430.6 525 56.7 85
10:15 1439.6 532 56.8 82.
10:25 1439.6 529 56.7 82.
10:35 1445.0 515 ss.y « 45.7 : 81
10:45 1439.6 512 56.8 83
Average. 1437.24 522.71 ■is ‘ 56.6^
, 7_
81.5
Water Passed Through Boiler------------------------ 803 Pounds.
.973. <?1 ~Mean Temperature of Gases----------------------------  977.48.
Mean Temperature of Water In Boiler----------------  69.05.*' ^ ‘f\
Difference----- 908.43.\
IT ,0^Rise In Temperature of Water---------- --------------- 24.90. '
B.T.TJ. Given Up To Water-------------- ---------------19994.70. a
B.T.U. Transmitted Through Tube Per Degree Difference
In Temperature---------------------------------------- 22.02.
B.T.U. Transmitted Through Tube Per Degree Difference 
In Temperature Per Sq.Pt. Of Radiating Surface------ 9.30.
LOSS IN PER CENT DUE TO SCALE, 12.42.
TEST. No. 15.
April 28, ’04.
Engine No. 41. Thickness of Scale, .04 Inch.
Road------I.C. Character; Hard, Gray, Bad Shape.
Tube No. 1. Chemistry Number, 1.
Chemical Analysis Of Scale.
Constituents. Si 0*. Fe«,0;> Ca S6a Ca CO., Mg CQj MgO
Amount In Per Cent. 26.04 10.80 1.36 34.36 8.30 19.14
Test Eor Heat Transmission.
Time.
Degrees Of Temperature, Eahr.
Furnace 
Gases.
Escaping 
Gases.
Entering
Water.
Leaving
Water.
11:50 1400 636 56.7 79.5.
12:00 1432.4 649 56.7 82.5
12:10 1439.6 651 56.8 84.5
12:20 1437.8 649 56.8 86.5
12:30 1441.4 656 56.7 87.5
12:40 1432.4 641 56.7 86.5
12.50 1441.4 659 57.0 86.0
Average. 1432.15 648.71 56.8 84.71
Water Passed through Boiler------------------------829 Pounds.'
Mean Temperature of Gases----------------------------  1040.43.'"
Mean Temperature of Water In Boiler-----------------  70.75y
Difference----- 969Y68"/
Rise In Temperature Of Water-------------------------  27.91/
B.T.U. Given Up To Water -----■-----•--------- -------- 22137.40 .
B.T.IJ. Transmitted Through Tube Per Degree Difference
In Temperature------------------    22.82.
B.T.U. Transmitted Through Tube Per Degree Difference 
In Temperature Per Sq.Ft. Of Radiating Surface---------- 9.62.
LOSS IN PER CENT DUE TO SCALE, 9.40.
TEST. Mo. 15.
28.
April 29, ’04.
Engine No. 41. Thickness Of Scale,.069 Inch.
Road-- ----I.C. Character, Loose, Gray.
Tube No. 2. Chemistry Number, 2.
Chemical Analysis Of Scale.
Constituents. Si 0^ Ee*,03 Ca SO4- Ca CO3 Mg COj MgO
Amount In Per Cent. 17.21 8.07 18.45 11.55 29.39 15.33
Test Eor Heat Transmission.
Time.
Degrees Of Temperature, Eahr.
Eurnace 
Oases.
Escaping 
Gases.
Entering
Water.
Leaving
Water.
3:15 1418 653 58,3 80.5
3:25 1443.2 669 58.0 82.5
3:35 1457.6 664 58 84.5
3:45 1454.0 661 57.7 84.6
3:55 1430.6 653 57.5 84.5
4:05 1436.0 658 57.7 85.5
4:15 1432.4 657 57.8 86. D
Average
*v1438.83 659.3" 57.86" 83.93
Water Passed Through Boiler------------- ---------- 850 Pounds.'
Mean Temperature of Oases------------------ ---------  1049.07.
Mean Temperature of Water In Boiler--------------- - 70.90.
Difference----- 978.17.
Rise In Temperature Of Water----------------- ------- 26.07
B.T.U. Given Up To Water---------------------— ------22159.50.7
B.T.U. Transmitted Through Tube Per Degree Difference
In Temperature------------------------------ ----------  23.85.
B.T.U. Transmitted Through Tube Per Degree Difference 
In Temperature Per Sq.Pt. Of Radiating Surface------ 10.07.
LOSS IN PER CENT DUE TO SCALE, 5.5.
29,
Engine No. 41.
R o a d -----I.C.
Tu"be No. 3.
TEST. No. 17.
April 29, ’04.
Thickness Of Scale, .083. 
Character, Loose, Gray. 
Chemistry Number, 3. 
Chemical Analysis Of Scale.
Constituents. Si 0^ Fe -iS>3 Ca S04 Ca C05 Mg COj MgO
Amount In Per Cent. 15.08 3.95 21.93 8.87 37.39 12.78
Test For Heat Transmission.
Time.
Degrees Of Temperature, Fahr.
Furnace 
Gases.
Escaping 
Gases.
Entering
Water.
Leaving
Water.
5:15 1401.8 651 57.7 80.0
5:25 1437.8 647 1, f 58.4 83
5:35 1427.0 662 58.4 83
5:45 1464.08 683 58.0 84
5:55 1441.4 682 58.0 83
6:05 1437.8 676 57.7 84.5
6:15 1441.4 670 57.7 85
Average. i 4 31436.0 667.3* 58.0^ 83.2^
Water Passed Through Boiler-
Mean Temperature of gases-----------
Mean Temperature of Water In Boiler-
-895 Pounds.
------ --------- 1051.65.
--------------------70^60 .
Difference----- 981.05.
+
Rise In Temperature Of Water---------------- ---------- 25.20.
B.T.U. Given Up To Water-------------- ---------------22554.00.
B.T.U. Transmitted Through Tube Per Degree Difference
In Temperature------- ---------------------- --------- - 22.99.
B.T.U. Transmitted Through Tube Per Degree Difference 
In Temperature Per Sq.Ft. Of Radiating Surface---------  9.72.
LOSS IN PER CENT DUE TO SCALE, 8.55.
30
Engine,141.
Road, I.C. 
T u b e : N o, 1 .
cL-
April 29, *04.
Thickness of Scale, .053.
Character; White, Porous, Peeled.
Che-mistpvy No,■al­chemical Analysis Of Scale.
TEST No. 18.
Constituents. Si 0^ Ca SO* Cs. CO3
OO M&O
Amount In Per Cent. 8.99 1.9 22.81 49.10 11.36 7.09
Test Eor Heat Transmission.
Time.
Degrees Of Temperature, I'ahr.
Furnace 
Gases.
Escaping 
Gases.
Entering
Water.
Leaving
Water.
7:15 1400.0 524 57.8 78.5 .
7 :25 1425.2 529 57.8 79.5
7P35 1432.4 526 57.8 80.0
7:45 1436.0 526 §7.8 79.5
7:55 1410.8 507 57.6 81.0
8:05 1400.0 497 57.7 82.0
8:15 1421.6 499 57.7 82.0
Average. 1418.0" 515.43^ 57.7Z^ 80.21.
Water Passed Through Boiler------------------------ 975 Pounds.
Mean Temperature of Gases----------------   961.71.
Mean Temperature of Water In Boiler------------------ 68.97.
Difference--------------  892.74.
7Rise In Temperature Of W q t e r ------------ ----22.48.
B.T.U. Given Up To Water----------------  21918.00^
B.T.U. Transmitted Through Tuhe Per Degree Difference it 1 os,
In Temperature--- - ------ - ------ - ------ ------ ------- 24.54.
B.T.U. Transmitted Through Tuhe Per Degree Difference 
In Temperature Per Sq.Pt. Of Radiating Surface----- 10/39.
LOSS IN PER CENT DUE TO SCALE, 2.25
TEST No. 19
April 30,’04.
Engine No. 141. Thickness Of Scale, .039.
Hoad-------I.C. Character: White, Porous,Peeled.
Tube No 2. Chemistry Number, 5.
Chemical Analysis Of Scale.
Conctituents. Si 0*, Fe^O^ G ci SO4- Ca CO^ Mg CO3 MeO
Amount In Per Cent. 9.11 2.15 47.46 16.85 21.00 2.93
Test For Heat Transmission.
Time.
Degrees Of Temperature, Fahr.
Furnace 
Gases.
Escaping 
Gases.
Entering
Water.
Leaving
Water.
10:50 1412.6 490 57 80
11:00 1454.0 494 57 83.
11:10 1437.8 550 57 82
11:20 1436.0 535 57 84.5
11:30 1439.6 577 57.2 84
11:40 1443.2 515 57.3 84.5
11:50 1443.2 503 57; 4 86
Average. 1438.05' 523.43^ 57.13 K 83.43
Water Passed Through Boiler------------------------814 Pounds.
Mean Temperature of Ga s e s------------- ------------- - 980.74.
Mean Temperature of Water In Boiler--------------- 70.28.
Difference-----^ 910.46.
Rise In Temperature Of Water------------- ------------- ^ 26.30.
B.T.IJ. Given Up To Water---- --------- - ------------ -21408.20.
B.T.IJ. Transmitted Through Tube Per Degree Difference
In Temperature----------- - ------- -------------------  24.88.
B.T.IJ. Transmitted Through Tube Per Degree Difference 
In Temperature Per Sq.Et. Of Radiating Surface------ 10.51.
LOSS IN PER CENT DUE TO SCALE, 1.12
32.
April 30,'04.
Engine No. 141. Thickness Of Scale, .076 Inch.
Road-------I.C. Character, White, Porous.
Tube No. 3. Chemistry Number, 6.
TEST No. 20.
Chemical Analysis Of Scale.
Constituents. Si 02 Ca SO* C ci CO3 Mg CO 3 Mg 0
Amount In Per Cent. 12.1 2.6 55.00 10.76 14.80 4.74
Test Eor Heat Transmission.
T ime.
Degrees Of Temperature, Pahr.
Furnace 
Gases.
Escaping 
Gases.
Entering
Water.
Leaving
Water.
12:20 1405.4 533 58 79.5
12:30 1446.8 537 58 80.0
12:40 1445.0 520 58 81.5
12:50 1445.0 495 58 83.5
1:00 1441.4 475 58 85.5
1:10 1445.0 506 58.7 84.0
1:20 1446.8 514 59.4 85.0
Average. 1439.35 511.43" 58.3 82.71
Water Passed Through Boiler-------------- - -------- 865 Pounds.
Mean Temperature of Ga s e s ---------- ------ - ---------  975.39.
Mean Temperature of Water In Boiler--- — -------- - -- 76.00.?'1C>
Difference-- - 904.89.
Rise In Temperature Of Water---------------- - -------  24.41.
B.T.U. Given Up To Water------------------- - -------— 21115.00.
B.T.U. Transmitted Through Tube Per Degree Difference
In Temperature--- - -------- - ----- --------------- -----  23.33.
B.T.U. Transmitted Through Tube Per Degree Difference 
In Temperature Per Sq.Pt. Of Radiating Surface------ 9.85.
LOSS IN PER CENT DUE TO SCALE, 7.S2.
CALCULATIONS.
In making each of these tests we wished to get as near as 
possible to the conditions which the tube would be working under, 
if it were in a locomotive. Therefore, having at hand data from 
various locomotives we calculated the weight of gases passing 
through a single tube of a locomotive in an hour. We found a 
minimum of 124 pounds and an average of 248 pounds.
Then we calculated the weight of gases passing through the 
single tube in our apparatus, calculating first the weight of 
air, then the weight of gas, and adding them to get total weight. 
We found that we were getting about 125 pounds through the tube 
per hour, or about the minimum given by our data for actual 
locomotive.
The method of calculating the different items shown on the 
tables of results is also shown here.
34.
TABLE SHOWING POUNDS OF GASES PASSING 
THROUGH ONE LOCOMOTIVE TUBE PER HOUR.
Grate H1!!a n Pounds Of Gas Through 1 Tube Per Hour.• Rates Of Combustion.
Area. Number. Diameter. 50 100 l50
17.30 200 2" 86.50 173 259.50
28.33 194 2 1/4" 146.00 292 438.00
17.43 159 2" 109.00 218 327.00
76.00 324 1 1/2" 234.50 469 703.50
31.35 241 2" 130.00 260 390.00
26.20 268 2" 97.70 195.40 293.10
27.30 268 2" 102.00 204.00 306.00
17.80 200 2" 89.00 178.00 267.00
Maximum. 234.50 469.00 703.50
Minimum. 86.50 173.00 259.50
Average. 124.30 248.60 372.90
Grate areas and number and size of tubes are taken from 
actual engines. Calculations are based on 20 pounds of air per 
7 pounds of coal. The weight of the gases originating in the 
coal was disregarded, as being only a small percentage. It was 
considered that the 20 pounds of air per 7 pounds of coal was 
large enough to include this.
35.
CALCULATIONS OF AIR AND GAS 
PASSING THROUGH TANKS.
Pipes, ebing short and straight the formula for orifices 
was used.
Ws 1.060 F 7£Ip, - p<*) x 60 x 60
- T /
Where;
W- weight of air discharge in pounds per hour.
F~ Area of orifice in square inches:.
par and p, are given in pounds per square inches.
pff.= atmospheric pressure.
Pz - tank pressure.
T,= absolute temperature in Fahrenheit degrees.
W — 1.060 x .304?/14.7(.3~82) x 60 x 60. =  120.2 =
521.
weight of air discharged per hour.
F=area of a l/2" pipe := ,304 square inches.
To get p, above.
6 weights on tank each 25 pounds — 150.00 lbs.
Weight of tank =  23.00 lbs.
173.00 lbs.
Area— 7Td =452.39 square inches.
4
Pz = p<r-/-175 =  14.7 382 •= 15.082 pounds per sq. In.
452.39
CALCULATIONS FOR GAS.
A— 7r d=:452.59 square inches= area of tank. 
4
Weight of tank =  25 pounds.
Vo-h 22 - 14.7-/- .0406=14.7486.
452.39
Wse 1 . 0 6 0 F/p 4p— p«r) x 60 x 60 x sg 
T
= 1 . 0 6 0 x 11 f i s  .0486) x 60 x60 x .8
521
-12.4 pounds of gas per hour.
Total weight admitted to combustion chamber under these 
conditions,
r-weight of air+weight of gas.
- 120.2 4-12.4
^132.6 pounds per hour.
Allowing for friction etc., we assumed that we actually 
admit about 125 pounds of gases per hour. This shows 
that we have somewhere near the same weight of gases through 
one tube as goes through a tube in actual service.
METHOD OE CALCULATING TO COMPARE RESULTS OP TESTS. 
DATA OP TEST NUMBER 20 USED.
Temperature Of Leaving Water-------------   82.71.
Temperature Of Entering Water-----------   58.30.
Rise, Difference------  24.41.
Weight Of Water Passed Through-------------- 865.Pounds.
B.T.U. product-----------------------------21114.70.
Mean Temperature Of Gases-----------------  975.39.
Mean Temperature Of Water -------   70,50.
Difference------------- "5t>4.89.
B.T.U. per 1 Degree Difference of Temperature
_21114.70 _ 23.33.
~ 904.89
B.T.U. per 1 Degree Difference Of Temperature 
per 1 square foot of Surface,
g  25.35 g 9.6# 
surface
Exposed surface = 2tTR x L 7/  .
=2 x 22 x 11 x 79 
7 16 144
“7
=2.37 square feet. *
%  loss=10.63(mean for clean tube from tests 4,5,and6) 
- | O.L —  9.65-4-10.6 3 - $ 3 & .
Pe
r
c
en
t 
Of
 L
os
s 
In 
He
i\t
Tr
an
4M
u
s
io
n
.
Relation  Of Heat L oss| jg ||
T hicknelss O f 6 calel .
o .0) .0*. .0-5 .04- ,ojr ,06 -GT .06 .01
Thickness Of Sc a l e  In In c h e d .
MlSKlME-N.Stone-.
38.
P. CONCLUSIONS.
Prom inspection of results, the first and most obvious con­
clusion is that the scale on boiler tubes does decrease their 
rate of heat transmission.
When we plotted the results with thickness of scale, and 
per cent of loss as coordinates, the points seemed to divide in­
to two groups, giving different per cent of loss for the same 
thickness of scale. The averages of these two groups are shown 
by the two lines on the diagram , preceding page.
When we first tested the tubes showing smaller loss, we 
thought some mistake had been made, but we duplicated the tests, 
and the results submitted are the fairest averages we could ob­
tain. There was one thing that may have caused some error, and 
that was the difficulty encountered in getting the average 
thickness of the scale on the tubes. Some were covered, very 
irregularly, and some even had bare spots so that the average 
effective thickness was very hard to determine. These condi­
tions were partly due to rough handling when being removed from 
the boiler, but a great deal of damage was probably done in the 
shipping, as the tubes came wrapped in burlap or paper. We 
would suggest, whenever tubes are cent for hereafter, that a 
request be made to have them packed securely, and supported at 
the ends, in a closed wooden box.
The scale was more irregualr on the tubes showing the 
smaller heat loss, but not to such a degree that the error in 
determination of thickness would give the variation in heat loss
39.
shown in the diagram.
One interesting point 
ly in the tests to "be mere
that shows up rather too consistent- 
coincidence, is the relation of
heat loss to the chemical analysis of the scale samples from 
the different tubes. The scales of all those tubes showing 
high loss, have a large per cent of the carbonates, and compara­
tively small per cent of sulphate and oxide. Those tubes showing 
smaller loss for same thickness of scale, have a relatively 
high per cent of sulphate and oxide, and small per cent of car­
bonates. This is a point which it might be well to watch and
investigate in any subsequent work on this subject.W
The presence of any considerable amount of carbonate in 
the scale shows that the tubes have been exposed to high tem­
perature, while drying out or blowing offthe boiler. If not ex­
posed in this way, the carbonate will remain soft and muddy, 
but if the boiler be blown out while the tubes are hot, the 
mud bakes on and forms a very hard and practically insoluble 
scale. It is this very matter of blowing out while hot, that 
causes a great deal of the incrustations which forms in a boiler. 
If the boiler could be left to cool and then washed out the a- 
mount of hard scale would be very materially decreased.
Mr. Robert Wilson, in his "Treatise on Steam Boilers",
estimates the loss due to a scale thickness of l/l6, or .0625
. li n <2/of an inch, as from 15 to 20 per cent. The average f Treg on
our diagram places the highest loss due to that thickness of 
scale at 13.6 per cent. All things considered, we decided that 
for a tube covered uniformly with scale l/l6 of an inch thick 
our experiments indicate a loss of from 8 to 10 per cent.
